ABSTRACT: Active surfaces are presently tailored to cause 9 specific effects on living cells, which can be useful in many Interestingly, we have shown that any specific action mode can be obtained by appropriately tailoring the wetting characteristics 22 of the surface coating. In particular, we have shown that surfaces that are simultaneously hydrophobic and oleophilic are optimal 23 to fully disrupt the contacting vesicle lipid bilayer.
Interestingly, we have shown that any specific action mode can be obtained by appropriately tailoring the wetting characteristics 22 of the surface coating. In particular, we have shown that surfaces that are simultaneously hydrophobic and oleophilic are optimal 23 to fully disrupt the contacting vesicle lipid bilayer. 24 The ability of living cells to interact with different surfaces is an 25 important area of study in many scientific fields such as 26 1.2 nm (see Figure 2) . Periodic boundary conditions are applied along 192 the x and y directions, and the temperature is fixed using a Berendsen The second action mode is commonly found for densely 252 packed fluorinated moieties, and it is illustrated in the . Once the vesicle is adhered and the 284 thimblelike structure is formed, the vesicle bilayer edge in 285 contact with the SAM splits and separates, trying to form a 286 monolayer (see Figure 4a and the top picture in Figure 4f ). The 287 inner leaflet spreads to a small extent toward the vesicle 288 interior, whereas the outer layer is able to freely expand 289 outward by extracting the lipids from the top of the vesicle and 290 leaving some lipid tails exposed to water (notice the absence of 291 lipid headgroups in the top of the vesicle in Figure 4a ). Further 292 spreading is then transiently arrested because of the volume 293 constraint caused by the water molecules contained in the 294 vesicle, and the resultant metastable configuration remains for a 295 few tens of nanoseconds until a pore is formed ( Figure 4b ). As 296 soon as this happens, the pore expands, the water escapes, and 297 the remaining part of the vesicle rapidly retracts toward the 298 substrate (Figure 4b−d) . Simultaneously, the flat bottom 299 spreads out until a stable lipid monolayer of vertically placed 300 lipids is formed on top of the original coating SAM (Figure 4e ). 301 It is important to notice that the rupture of the absorbed 302 vesicles displaying mode III is always due to the internal solvent 303 pressure at a random position in the vesicle top where the polar 304 "protection" in the outer leaflet has slid away to form the 305 monolayer. This indicates a tension-driven pore formation 306 mechanism as an alternative to the curvature-mediated rupture 307 displayed during the supported bilayer formation in attractive 308 substrates. Therefore, the distinct interaction of these particles with the whereas for denser monolayers this structure is largely 419 deformed and the salient small monolayer "tongues" can be (Figure 8 ).
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The length of the molecules forming the monolayer coating 458 has also an effect on the adhesion process. As a general 459 behavior, the shorter the coating moieties, the more accessible 460 is the SURF to water and/or vesicle lipids. As a consequence, 461 the hydrophobic character of the substrate is reduced and a 462 less-aggressive adhesion mode is therefore observed. As 463 expected, this effect is larger for lower SAM densities; compare, 464 for example, the DOD_30 × 30 and BUT_30 × 30 cases in 465 Figure 8 . 3.4. Correlation between Wetting Properties and 467 Action Modes. As reported so far, surface coatings with 468 particular molecular characteristics (density, length, and 469 polarity of assembled moieties) could be constructed to 470 provide a desired mode of interaction with lipid vesicles. In 471 principle, one may think of hydrophobicity to be the 472 physicochemical property that comprehends the different 473 molecular characteristics of the surface coating: hydrophobic 474 substrates try to replace direct contact with water molecules by 475 their association with hydrophobic acyl chains of vesicle lipids, 476 thus breaking the vesicle bilayer configuration, whereas 477 hydrophilic surfaces gain nothing with this exchange so that 478 the interaction with a lipid vesicle is minimal. Monolayer 479 hydrophobicity has been quantified in our MD simulations by 480 the calculation of the CA for a water drop deposited on the The results reported so far establish a clear correlation 518 between SAM wetting properties and adhesion action modes f10 519 that is summarized in Figure 10 . In this figure, water and oil 520 CAs are plotted for all simulated SAMs, providing a sort of 521 behavior/morphological diagram that clearly shows distinct 522 regions: a group of hydrophilic SAMs that exhibit action mode 523 I, a region of hydrophobic and oleophobic coatings that result 524 in mode II, and a region of hydrophobic and oleophilic SAMs 525 that correspond to mode III. Moreover, a fourth group of 526 hydrophilic and oleophilic SAMs that exhibit action mode II 527 further confirms that both the hydrophobic and oleophilic 528 characteristics of the SAM are accountable for the strong 529 vesicle−SAM interaction that held to action mode III. 
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